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receptor antagonists in the treatnment of diseases

associated with thronbosis, atherosclerosis,
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mbsdssorct i on, chronic asthma and bronchltls. The

invention also relates to pharmaceutical conpositions
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10/ 271715. SUMVARY OF THE | NVENTI ON The present

invention relates to conpounds represented by the
woéanwsubs2s or nul aor a pharnaceuti cal |y accept abPeTa&kd06/011646

of said conpound, wherein represents a double bond or

a single bond, as permtted byi%he val ency

requi renent; vvlth the proviso that R10 is absent when

t he carbon to whi h RlO |s attached is Part of a

86%?‘&%6%““&? applwe’@rrz) asewell agrapapy) ather types of
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Borhé Bg@ictidhs ﬁidtlyfbérbeﬁttfﬁﬁiied an@asplerabld if afl architeéture Mol as a
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can forman N-oxide or a quaternary grou
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?WFfﬁwﬂﬁaﬁlayunsﬁW@mw QTS thﬁb@l@rl@etylmt@amwycle That is, a scalar
Qﬁ%&%é}f&&@@g &Yé 1n?tH]Q§iB11 tay@glf c%H%X%t t% l?persc% architecture

1-ar
tihivesramacgﬂent bmoatloxabﬁlinaﬂnkqtions heﬂhe s|Aae pipalnkéi‘swge, The superscalar
%{%ﬁﬁoml ; hﬁdr orE{aI kyl.. am noal k¥
e prf? 3age i @ﬁ]eﬁwlggp sqajar pfRgtions, but not
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NHSQ2R1 ; bi phenyl; - OC(R6) 2COOR7;
%%Of&‘ﬁ NRAR5; al koxy subst i t ut ed by al kyl, am no
0006 NHC( O ORs the;supérydalaratdhiteStuRsdfid &Hbﬁgscmbeéorhéé dore complex,

substituents independently selected fromthe group
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hydr ogen, al kyl, fluoroal kyl, difluoroalkyl,
trifluoroal kyl, cycl oal kyl, alkenyl, alkoxy,
aryl al kyl , aryl al kenyl, heteroaryl al kyl,
het er oaryl al kenyl , hydroxy, hydroxyal kyl, al koxyal kyl,
an1noa|ky| aryl and t hi oal kyl ; or Rl and R2 when
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heterocyclic ring of 4 to 10 atons, with 1-3

het eroatons selected from-0O, -N, -S-, -S5O -,
wo3(ie)18529and with the proviso that S and O ri NgCaUSEWG6/011646

are not adjacent to each other, where said

heterocyclic ring is unsubstit® ed or substituted with

one or nore groups selected fromalkyl, hal ogen,

hydr oxy, al koxy, aryl oxy and aryl al koxy R6 is

KoRibeessuted inparaligl, #Kdhg hardrare smplypxeeties e insirrgtions. There is
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N6NHSO?R16 CH 2) n6NHS NR4R5 and - (CH2)
@f(eé)l ,qmp@gon \Aﬁfgf;]é 35aesy, angothgr regggq:psi_—égra result, higher processor
E&Q@ﬁ%g@gyoﬁwg%%@glgd from t he group consisting of
ydr ogen, kyl OH, al koxy, arylal kyl, heteroaryl,
H@@@@dar y| allTkgde,ardy ébwewy«hlsgdv,anﬂayseismm@/wah Iyl VLIW

SRR P SBmitles PR BT OH SSopely stipetsesra grograms

mcréa%'m?wlﬁ% Rbwa F@'ﬁ)@ practe WehEN %\?ﬁ%ﬁl’d&i@ﬁﬁhﬂﬁ:m be

is 0-4; where R4 and are independently sel ected

flerminmazaligh U] albthsi aef@ﬂal@e gptshy an sygbmctionl qughe. Ims difrgly,
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m&uemdn @dése sla»gs fl‘hfsrrammyn Réstedl sbalod ahd1abgbr b@d@l Iy
substituted _w -%O) OH, or R13 and
RP210dken t Ea%% Wyﬁleﬁ%h%daetwl’p&ey fee thefe ae advantages and

lfiﬁ%@sfaﬂ ks é’s%’&%)ﬂe& with M tPupsrsBalbd \?f, ar}%\{@@fﬁfae's nA?ﬁlﬂcapable

het erospirocyclic ring contains on ring
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apjizasions. al kynyl, hal o substituted al kynyl, R2
1-heteroaryl, (R2 1l-heteroaryl)-alkyl-, (R2 1
- het erocycl oal kyl ) -al kyl -, R28R29N- al kyl -,
mﬁ@q{@-al kyl -, R28R29N- C(O) O al kyl -,
(R29) - al kyl -, R28S( 0 2N( R29) - al kyl -,
RRBR2IN- C( O edtinRi@}y farirhixkd superscalar and VLIW instruction issuing and

%’g%&%% %é%q%i% %l Eélgi(@fg lrgp%o?)(l)\lt&%lez c?lgere%%o% of the processor

b dné REfdigrt ah& Mlore rapaBproadskink of dfz8 s?%@?f&bi%lr 1nsﬁ’ﬁct10ns for
hydroxyal kfvﬂsﬂt R17 i S independently selected fromt
3

@f@’vajﬁ: ahplagaigenior atlsgmal compwigts, personal d1g1tal

I s .
%%15%%% s Bty B R Pnic Rl af ks ncreasng e
ptosesypipend andieereiak lh@ayrdl kyl , aryl oxyal kyl
aryl al koxyal kyl , heteroaryl oxyal kyl ,

NE8PdRdar yI atrestdimeiy pne asper thg/qhg«;ag@msybject matter, there is

R R L R R R

antuctionsiwa rmn‘ltqﬂe—mué; &igitali sighal processye Thaldigial siped] @gﬁﬁssor
h dr oxy NR1R2,
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L M S G S8R AR A8 sty o

paonbelexehitable instructtﬂme (ogyVLIW initngetiofis dr instnicfionpeckets) mixed
having 1-3 hetero ring atons selected < from-0O, -N,

-S-, -S(O-, -S(O2. and 1 - , with the prowsothat S
and O at ons




are not adjacent to each other, the ring being
unsubstituted or substituted with one or nore groups
weoeebwsanedsf rom al kyl , hal ogen, hydroxy, al koxyPCT/US2006/011646
aryl oxy, aryl al koxy, -NRLR2, -NRLICOR2, -NRLIC(O NR 1R2,
-NRLC(O) OR2, - NR 1S(O) 2R, -NRfS(oe) NRLR2, - C( O) ORL,
-CONR1LR2 and al kyl substituted with - NR1R2 - NR1COR2,
-NRICONRLIRZ, - NRIC(O) OR2, -NRLS(O 2R2, -NR1S(O 2NRLR2,
agpuy oRlualty of gxeRereeutakle ipstructions (8-, swppisealasnsimgtions). The

SafH Iegclun%aé)'leslglstﬁ&glr g@%ﬁ%@g@ﬁ_%’%&@ Fudids, b Bifincies. The

nNCEbd aatllsydtem fiather adentifyin the Kytainhstorction listing the plurality of

ﬁ@@&l@ﬁ% o @ﬁst W d, thgégr@()lé{g?(lggutable instructions are

ﬁggt @“A'chwdgn gzyggz gl) %g%g: (%’ ai1 C S?J S Rlﬁis relative %rder in the

n@@‘zi\lmtlan Histir@ONken, s sepies emu’ab]eansiruchms dre axdontadessrially

it [l @ T AR S aqlraReict g “RD - OOR 23
180DBR3 1, ThésLadiR3ther aspattcdr HBZHIES @ Eubsjbelt Dk, %Z welk as
qlés wherein R and R are mdeg ndently sélected from

tlgﬁa(}) npved &sdures, ivill berpparent theglersiption mjowded herein. The

U5 0 o B e i
mal‘tyrd mebefm%?maldd a ﬁnt?io byél?llewlr of@BllﬁhEIﬁ tllﬁ-l Sy e:r:tI matlter sI

a en al oal ken al kyn cycl oa
B oL )PP ST St R W SRt
Seddsld épp%hﬂo%ﬁle %fhes%lf O bAS g:; g%(%ﬁ& | c?f{thé‘ﬂ)uB(m

al koxya hal ogen, oxy, ary
EI@U&EG@X@ detafiRi %cnpﬂum O 1®)m;ded rslm atl @)lcﬂﬂjﬂamonal systems

- N - NR1S(.O), 2N\ . 1 C(0) OH, -
Iy or i 2D ENRTIRBES (e el S B oS, be withinthe
h@bebpgﬁé%&gﬁ% Kk, substituted with -NRLR2,

-NRLCOR2 - NR1 R2, -NRLC(O) OR2, -NRLS(2)R2,

- NRlS( O2) NR1R2, C(O) OH, C(O) OR 1, -CONR1R2 and -SO

3 ] endently sel ected from

al kyl, hal oal kyl ,

ab B emyl al ’Khmfehtur@t udttureaﬁr&ﬂ &Lvhntagésfdeﬂé Hiydlosed subJ ect matter will
Fal ocycl oal kyl, al koxyal kl)éﬁd ydr.oxy and al koxy

cCoMaTporS APpATERL R eufcisale drarvipfian bk et b%lorvrvr}mnttﬁ@n in
I

SOUEIERSH T AP e SR

cc@(@)@d,lngi}a fogeghoahzhdavkariy; R28 and R29 are

I[IB He_ggndent %ﬁﬁlﬁg}ct editt ]gg%;# @p&lg{hgglo ro agcl(:ﬁléxlpgrgcatlons system

ﬂﬁt @rhqﬁrpyénaénrme,préséﬂr&mﬂuﬁyﬁt; al koxyal kyl,
het erocyclyl, heter ocycl yl al k and hal oaI kyl; or R28

4RATRGY.  AKEIGVBEE lorrior a3 i’ammmw fot cwryias forth the
Egé}ﬁﬁ Sol}:tllie r%genkg ?£%§8€VI ng 3-6 ring atons; R32 and

penden ’ected fromthe group
¢00s7 3t i ng PIGURW DesentRBtbp 1avet Wagrdd84f /bdftry bnit for disclosed
R34 al kynyl , R40- heterocycl oal kyl, R38-aryl,
fbodimaitcy| | R42- cycl oal kyl, R42-cycl oal kenyl

PR TR 1 A —

sl&b{o@s&lﬁﬂa’iﬁﬂhnc%?&n iflhicentiye emBddialesgny| oxy,

ﬁé @ l E?IQZI: Q@Afso het R %/rcel o%léléélﬁlgxwpects of read after write
ﬁ?f’z%rd:pf@éé%shgxér e boh!ﬂ%h BN oRRG S MRD) - or

R32 and R337are corrbl ned orma ring structure Q
bel ow where R9 is hydrogen OH, al koxy, hal ogen or
hal oal kyl; Qis fused R-substituted aryl,
R-substituted heteroaryl, R-substituted heterocyclic
ring of 4-8 atons containing 1-3 heteroatons sel ected
fromQ S S(O, S(O2 and NR22 with the proviso that
S and O cannot be adjacent to one another; or




Qis RI0O and R1 1 are independently selected fromthe

group consisting of Rl, fluoroal koxy, difluoroal koxy,
wonrbdelosmsal koxy, cycl oal kyl oxy, al kenyl oxy, PCT/US2006/011646

aryl al koxy, aryl al kenyl oxy, heteroaryl al koxy,

het er oar yl al kenyl oxy, hydroxyaﬁkoxy, al koxyal koxy,

am noal koxy, aryloxy and thioal koxy, provided that

when ring Q%IS aromati ¢ _and the carbon atons bearin

2002880 R1 FIGPRI bRmuedcsa staprins b iestoniar srilbisanbn of the

élo@erdes @%5?1%%3 is 1to5 noieties and each Ris

epen y selected fromthe group consisting of
rnxbdrzmgen aFkgzUREmhmgwa ﬂbwdhagmn faunths supedddslal &8uidBrocess of
i al kyl ami no, al kgxy, - , -C(OORL 7, -C(O NR4RS,
lmendl -NR1600R1-NR16C(O)OR1,

| fI uor oaI kyl , t rklﬁ??%’or ogg)zle?é,l cyc‘:)frk PE%@ SSl )ﬁforthe general

anmpbsd tegister af glieallllts@a;dd enthedenamr yl al kyl ,
het eroaryl al kenyl, hydroxyal kyl, am noal kyl, aryl and
thioalkyl; R34 is 1 to 3 noieties and each R34 is
Dlmdpﬂmis mgcnmn@w oF Tpm smcwmmmmm ENDS of

% K -ary KyT-C(O) -
dppag.a | - C( ofIG RE(;/FM s1@¢)hjied lock émpﬁ@cmumcatlons system

%@4%1%%t§£e§%%d%§%iﬁs A_Ctﬁ&%%%er unit 12, data is sent,

tyNRABCHOD 188K, frohdRe 3484 EYNEI IRI trarNiH PR A ata processor 16 that
OC(O) NR43R44, R39-al ken¥l oxy, R39-al kynyl ox

ﬁl{@laﬁe?@eﬁ@y@‘m@ewp q:@zgen%rﬁg qglgppgg;qqgg(?n ¥o g signals. The

Bloc ST RS YgeFis LRI 18 (SR s

amphﬁche pachele carivyrts tedasabdnd slgnals hegaperaipa nodslatidi srglab fThe

I“(vgg@%%gn hglt %%%ﬁé@é hal.o e%gcggpgﬁé?e rezzelver units.

¢pobaal kyl alAky receplekithie Y@ |tH@{rKﬂéhﬁ{tJ§d’ élignal is recelved by an antenna
hal oal kyl cycl oal kyl al k hydr oxyal ky koxyal Kyl ,

ah enmvld@ﬂ & o mcylver mgmzm ltlylmogmvem ﬁ6af<hp mmed signgl is

RIRAE G, Sk el B e B e S epupipee

bllitE((g)rs@mplss OTisd ibipies 06 tH&M deagle& andploeesed Byd r@iekié)(RX) data
R40 i s to 3 noieties and each R40 is i ndependently

BB foTasAvERiegrBaE od detesThe decoringyiid pgaRssing atreceiver

B 410 4 il 9 ) ¥ o

pwﬁchnﬁdzt trsnsnntllﬁmmld@w tl‘hy rezoVvered daltafis them pi'w1®do)cm p data sink 30.

RAP35En: "o The Al 3R Rte182 difstbetaou ol Seamuisions of voice,

{1des) Jableet AnRUR AP Séﬂdrlﬂhé?ftgfb)é & eS8 AumAhEN in one direction. A bi-
alkoxyalkyl R38-ar yl al kyl 46- cycl oal kyl , R53

dy@qt@aalkopnmmwatmmwsmsupphﬁs émawy Idetalttaylbmlssmn However, the

ggéaqrp?&ﬁg%n%%éﬁ%r&ﬁ%ﬁmc | al g andﬁ%jﬁl al kY'

Cotromiidiibed Sy@fénﬂﬂﬂcz@x&fefh MZ divgsibm gRmed %Uebsy(@ﬁ/[%} %?éﬂem a

from the group conS| st i ng_of hydrogen, alkyl,
Hae slijasion Inukiiple pecsss,( ﬁ¢Wﬁ90ﬂSeﬁYRt9me(mgn@ GSM system), a

ﬁg‘%l)“@ Emaﬁgltlp%: g?sg Q%‘BFVE@Y ‘?’éllri# Jmf:atlﬂﬂ%}’fstem, or other multiple

addls Opahknitationsl systdnathey Soppo ) adiksy bnd R4S coBmby@ERGERtween
or. trifluoroal kyl; R49

al kyl , hal oal kyl., dlhaloalkyl

3%?53 %@aé?réesrr%é plerBerspeq)fic embedingnt, commupicaliens fystem 10 is a
PASA phenyl and

g&c og?ﬁ&?tﬂ%fﬂ%%%ﬁ%ﬁﬂhﬁ?%%?%&étteﬁﬁgie -(CH 2) 4-
-(CH2)S- or -(CH 2)2-NR39-(CH2)2- and forma ring with.

the nitrogen to which they are attached; R5 1 and R52

are independently selected fromthe group consisting

of hydrogen, alkyl, aralkyl, phenyl and cycloal kyl, or

R5 1 and R52 in the group -NR39C(O) R40,together wth

the nltrogen atons to mhlch they are attached, forma

e Y




R53 is hydrogen, al koxy, -SOR , -SO2R17, -C(OOR ,

-C(ONR SR 1 a | kyl, hal ogen, fluoroalkyl,
wdizbdenosoal kyl , trifluoroal kyl, cycloal kyl, al kemyis2006/011646

aral kyl , aryl al kenyl, heteroaryl al kyl,

het er oaryl al kenyl , hydroxyalkyﬁ, am noal kyl, aryl,

thi oal kyl, al koxyal kyl or al kyl am noal kyl ; and R34 is

sel ected fromthe gr oup consi sting of hydr ogen; al kyl ;
ffeG8bdal kyI FIGURE 3 Hinsirgips DSPHOfar@Imegiar%}nat may serve as the

by
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in the m xed |nstruct|on listing the plurality of
¢lassaBlog Follisien dstgblian andsegister depsadencychedkdumy pdouetn the Hecode
arall el executable instructions are first executed in
allel irrespective of any such instruction's

rebavive or0ae embodifienndithe discivbdd b e@fhnhﬂté:rtmcﬂﬂdes'ﬁfm
t he series executabl e |nstruct|ons are execut

ollisign Wmﬁ%@ plecRgme & waelye ¢ slot eplEsip of fea%wrp%hazard between 10
oécg%lﬂ Jehe! ?&ﬁgeﬁﬁ%ﬁ%ﬁ Iis AoPis&ed 11? thetcﬁ@?de stage.

|sclose§ ubject nHtt as a dltlona nove
ImtendyrTads issndd onbe thedPansnictiébn srootrineittee Sitei gptiimahslot allocation

OVI erejn. The of. this su is.not to ..
e G0 BEHS e diraoclqt lipion PeraleBT et UuRlptalpeation
B ¥i86-vel3h IFIGURE 4, HRrdlér8YdHd®sdns BRIbbAIREAL ¥f @MIeBD 5OM®icting
of the subject matfer's functionalit Qt her syst ens,

thetrerudioof stos atlegation algdnﬁmﬁmwx@stmw apddli ded wi | |
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gleseatedpéd ID fThe'témi N G@b%@ﬁ Qﬁidlbitéd thai 11, GHe bldegldhdthwetien, will not
Sy stens nmet hods f eat ur res and a Vanta es that are

baispisdo ThosercRlinwith the ‘P65 indicpieithat suelea Gifuatip camot bapse As an
F E
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ppa m.t he etall e escrl n set ort
hiveron: 5@ Dadiag mdicRis $a588 Whets 11 ¥ QFRF PRy dencRds R &%Imﬂaﬂya
Leﬂi‘\%ﬂﬁ %ﬁfcglns‘ﬁ dl\‘%g AR RS otk 18 ﬁ%ts Wliér&ﬂﬂ&%ﬂgwioﬂﬁeﬁends onIl.

roughout an erein: [0015
S|an|f|ed bl ock di agram of a connunlcatlons system
that can inplenment the present enbodi nent; [0016]
FIGURE 2 illustrates a DSP architecture for carrying
forth the teachings of the present enbodi nent; [0017]
FIGURE 3 presents a top |evel diagramof a contro
unlt for dlsclosed enbodlnent [0018] FIGURE 4



slot collision avoidance in an illustrative

enbodi nent; [0019 | FIGURE 5 conceptually rel ates
woenteansmoaspect s of read after wite hazard prBCEASR2006/011646

for one enbodi mnent of the disct$sed subj ect matter;

[0020] FIGURE 6 provides a ste€ting |ogic diagramfor

an |IIustrat|on of the disclosed subject matter;
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f rSaKgd\ hgﬁs Registey ieE@lCBEmﬂﬁaKH\DSF 4WHElngle issue

B %EﬂF e B A0 gk S ok sty o Heqln g Youneer

instplotionrThsé inchidesomte dtﬁeﬂ‘i%)ﬁw HRAAIW AW)awhéreSWolih&Fuctions

unit. 12, data is sent, |caIIy i n_blocks, froma

A Paiting e the semedyegt. Arfﬁ ?#ftrvmt KR A hapitd osswrswhes a younger

lglgﬂiec;ﬂg? gﬁ%%fgn Ql%gt ‘Zfr}g gfd%cﬁﬁ&l? 1o‘hh$8\q7‘é\geralff gfbe older and

wiugger 13stmcaomshs$1¥ep? gothatpttie tefalda]ettdl\éds $lms délﬂ @ata( iﬂ\ﬂﬁR})reb&lt
at..no i ters plifies, and up conver

?’P\q’e dBB?g lg’ﬁéﬁdsls et Cgérgjwwecerdmfémoalﬁ éﬂlb§¢1§rf‘é¢ of DSP 40

doae n%@c@ﬂﬁ@tyﬁb BPRlgiste hane8. 3d, ARTadlad yg%eg%sh}&:tmns are

antenna 20 to one or nobre receliver units
ipigd ievesyif theythagea WAW hazank iFhem,ehie wowger intsuction mayé):da

4_and a, recei. .
N R T T NS
thislohs; e, yotnyér iemvass Rdhot eﬁamqehm%@tledﬂl Bé‘fis&'dghttliezﬁglre thread
to, generate in phase (T) and (Q sanples. The sanpl es
%W@ then decoded and processed by a receive (RX) dat a

sor
R ng. and AR E S et IS B gyl her write
Ipearﬂq»rmsbmg]foa one ambodiaenpdiahe diseloyedt snbjehﬁnﬁﬁﬁl Sﬁbcﬁﬂﬂlly, in

g for a at .transmtter unit 12,
BCATRE Suh RAVY bR Hefeutperes O) Groamdsdeicainacodisions between
yoRRZRlinsthetid anald &H&qﬁﬁﬁicﬂgn ggs @Btmgglq D9¥ S SHRRAT R

transm ssions of voice, vid a a, nessagl ng,
YRHAS G ERFEIC QI Opshrarsls RH9R] R 0and Rx 002at slde 1nstfuct16n 94

b FE Y0P BL RV, EG 0P A MR Bt

cbh@mtdie 96 P thedatl @ détect R WM. 1fthdrt RIREWLhdAFd, then older
mpl.i cj ty.. Conmmunications system 10 can be a code

l%ﬁt’i}lf’g‘i’lb-ﬂ“ WFSWP% by itgelEendsthe gommer inptuetinn isnet isswed in the present
cHii sion mul tiple access (TDMA) conmuni cations system
e.g., a GSMsystem, a frequency division nultiple
[AdSdgs ( FDVAGURENGpnoidds m&rﬁlﬁs’@@ﬁdiagfanolmforﬁﬁ|1I!lus51’aﬁon of
access Go i catiaqns.systemthat supports voice an
B BSCIGss A SHPC p i Dingibn deRsdratage 412 af DEP ABspipriire
ihstiiktions0A3 FREGE L
AR TP STV S8 RO U
G EPitead ap@evbigim. Burtileand register atdixss BBRhelbur read ports to be
ectu t y, serve as th mt data
r%rd oc eléesrg gls{fé ﬁ!aensga g@é i lﬁoag%flebart?fﬁlé’s‘i?ﬁ? ez%a%?fﬂlzl Rgjprequired
b¥ theR8610 Gt ekBciitidal selRs 4fcdae! l)inﬁ&ﬁ’it@ SERES gpégffcate reﬁlsters and

enbodi ment anong a great many of possi bl
Cgmt&ﬂ FPSiPers @essssnt todhd oeliresponding h?mCuﬁmysletfsﬁma et ﬂw beginniag of

gl ABCHEE PP 2k SPRERRICR oLl P SRS tarlel 6 Gropd stage

1$2 dmm@ the REddle of t}&ﬁ@ Etf'eﬂﬂlerlt?ng an4Mfortthe 1%@@ fecesses started in
Il nstryction unit 42 fetches instructions for

regiver s stege 354, G i%zpmymééaﬁamﬂwlf@sﬁ exaeution stageddgh 13
("10:13") into instruction queue (1Q 44. 1Q 44 issues
instructions 10:13 into processor pipeline 46.
Processor pipeline 46 includes control circuitry as
well as a data path. FromI1Q 44, a single thread,

e.g., thread TO naybe selected by decode and i ssue

1 ~\ ——




issue circuitry 48 logic is shared by all threads for

decodi ng and issuing a VLI Wpacket or up to two
weupwriesmsar instructions at a tinme, as well aBCT@IS2006/011646

generating control buses and operands for each

pi peline SLOTO SLOT3. In addit dn, decode and issue

circuitry 48 does sl ot assignnent and dependency check

between the two ol dest valid instructions in

Bﬁpqrgdemof chiegle andsiqt gHogasien dor pypergcalardpstaetions ase alﬁ@ dpge during

F%ﬁg%f{ZISSUIng techni ques. PLC 51 logic is shared
reads for resolving exceptions and detecting
FDO pBkine st ¥LIWcmckiéttinstrustionschre aligitelinte dtir corresponding slots and

nabl e/ di sabl e, replay condi |ons nalntaln rogram
0 Boj Teaee stery; In dropdfustans 197 InsiRistien pesiing DISBAX gapgssue two
51@31;&a1§3m§ﬁ‘90tf69§‘ i Qe yeRiaRl @ﬁeyf dolu Rl dBRhyof tRf four execution slots

sélected thread I1s read, and read data IS sent to
8kOJx:$bOTdaf vo reaoinse fJQihSl@IL@ﬂ'@lISLOT 3. SLOTO0: SLOT3, in

(BR3P ot onfLGRRE L8 dantloy 8GR S dr B sios:

hlcenndl- 3 Pe Mﬁ met Mﬁdb%tégﬂlgf Qﬁlbl'd%ﬁerfd%ﬁ?@ dHe6ks (Dep) in either the

'operatlons of resent enbodi nent
despde ﬁﬁgB@ﬁOaWﬁymﬁerpnm e 422 neniQ 44 entry occurs

B AP e L M M SR SRR,
hmnlﬂeppaﬁi Heshpowsd0 bbing gofnhetted anidiin rbemgmm IValoi Such a case may

roce or cycles cessary .to fetch a data itemfrom
egun y hepyigpeniey ks ity Prsntalig ipstuetion Slieativeky: P4 26 phows 10

t r
S U 0 T G L o
oplaying ¥, Irapath M%rlﬂahd Thegicogumitied aml smocess diost gavs to sétde 130.

t t f .t TO:
e Bade BA3EFuavieoliRe il Ao g8 B8 S35mijtetyo patn 132
ﬁymk@h34Thread switch overhead varies fromzero to

only a few cycl es. [00301 DSP 40, therefore, provides

40§BAer al - pdit pedel 3, giot allocaligm dﬁp@dm@eekwndﬂssue for I2 and
i’# 1%'3?/ B@&{r%ﬂﬁﬁ‘&@ dé‘ﬂ?&‘[ ké’\é"é Bg\‘%ﬁ%%gécgﬁ%deamw ﬁﬁh"ﬁ&\!vﬁi’bemg

Eélﬁqiﬁﬁd%nﬁﬂembdl@tﬁngvﬂfd iBf floweavk eyndile 12D A RSRathely, in path 140
m crarchjtecture for one nani festation of the

4 eellidesomiths 2, pad 12 w&p{r@m@ tpneysemede 4% of the DSP
{9955 UL P ARRAESn AL A B, g 11 and
Faochnes: €ram ppds 13, Ebmaybe ecplaﬁdainnglpaﬁl b#4 tack to pdde 134. Or,

rd eads, TO: T5 tle |nstr ction
APbfPabAly LRy by comicsl anaf A HErpiE coing HPu? i to node
223 WerkdaR e A2 colHaksFah AN, AT ESSInYRitteldOhkn fIbRBe8O&Mng path
while still “maintaining hlgh core and nenory
48 tanagdeildP. | MT provides high throughput without the

or expens iV nsatlon chani

ES? ggﬁ or de%% cu‘izfgir:ljsg ?Cgﬂlﬁl Ve or‘%al?'gs hssr ﬁgaly Kgew
alodg pathAs0 bivble RORE 142 Mok dé A42Bion mlez Ieairslcamhﬁﬂéd and
of EVIT, such as those variations and novel approaches
prosessdlospretyns panadsdddnl v- assi gned U.S. Pat ent

ation ' :
B98I0 et nivavy oucerRity, roiBhe B8 SRLMGHE aguired; for vLIW
pmi:e&y;ﬁairmdns,asmd:e théeinkioactmnsl a.t%;ﬁta&m o casWaf is@jerealar issue,
Thr eadAl | o atlon a wi t chi ng Mul tithreaded
b?%fe@gs%w allogation aaﬁ%ﬁéfsre&é@r apd pw@%ceteriep@ﬁe@ay flapekgre
eBYof 10/ahd B, defihdendy MO3Lland Rt SHibUaR6h 0BG h€decod
lreose)d de 4 %%%'mhg.execf?gon nndeﬁ o? a s?%b eeoce
Bkgead The software nodel of | MI can be thought of as
a shared nmenory nultiprocessor. A single thread sees a
conpl ete uni-processor DSP 40 with all registers and
instructions available. Through coherent shared nenory

facilities, this thread is able to communi cate and
synchronlze mnth other threads Vhether these other

o s o o o o o o o,




processor pipeline 46. CU 62 schedul es threads and

requests m xed 16-bit and 32-bit instructions fromlU
wa200600582, furthernore, schedul es and i ssues PCT/US2006/011646

instructions to three executlon units, shift-type

unit(SU) 64, multiply-type uni t4 (MJ) 66, and

| oad/store unit (DU 68. CU 62 also perforns

super scal ar deBendency checks. Bus_interface un

(8PBp170 i nFHEURIER poiyaypwatRpiioywaie (WMW@@@@&@S 160 for

e S A SRR B e DO S

Nrﬁp’alﬂ;eﬁs U cemppey fordxampld, auendnde leblﬁdmdth/Rx 116 of younger

&EI i nes SLQ&@%@%&@&@% dl es g@wﬁz an %Qgﬂldgrsmstructlon

i errupts and reset, and supports enulation unit (EU)
72 CU 62 al so handl es exceptions due to protection
\DObali ons DSPUlralwgysduies tegssad twe ssstrictzoms ipat ¢yisto maximize

ed 16- ,and 3 tructions,.can be | u d
B imeare. A3 1 o the BEPoidisalio? (e 3hie Sl o0 apa the
PfdiR sBt 6llbdadieh, Ul eﬁiﬁn ?H%emg, andBAtrudtibh Bk@Ndteps and processes
variations of 16- bit, and other |ength

rlmnb@daahoméhﬁagﬁsué embpdmp@hpl@wdeﬁ ap eficiend prosassifenthe mixed
J .
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fabulstnﬁ gl}dﬂ@l gﬁ]é} prbéessiay Eh'ia(rjmmteﬁis folr mml@klhﬁx&lgémp e€ARs.

cle 0034] GRF 52 hol ds irty-two 32-bit registers
\bﬁpéﬁ Ican bH! SpBYYetheredors; tii@ fi’éc 8t Sbisptmalier Pé%"lges a method
ahd YERERD fbr%shu&adn $xeddBh ?fﬁx@ﬁ APniPRhAS Jrrllctﬁﬁ’l's E‘ﬁ Efnultlple-
scal ar, vector, Accuntl at or ta an provid
fsexdipital signaf mc@sonmec@vasn a nm&ﬁblnls‘eucttoarlg;ang a @Walﬁy of digital

Lol puSEr e, T b up i tiL B e Ebueons
gR1daeah Preslitd obphrailél R¥&fab1E RBradHAL (4.5 aV LIWXasniciBns or
advant ages of superscal ar and VLI W executi on.
Bpeetinnaiagkets)gnired haong hpluadlitiof seyes ehedutable wefruatiane(e-g.,

| Lﬁ)f ?Jcania { 1n§ﬁ’uét§o?g)é ﬁ‘gg ger%e% exé 35 aab Oé]%g decrt](élggz] gere Oarssoglnated yn\éanous

imehiétionl pendeacics Theawdthied sd dybtemSfatiRerdd @ity hrDlhe mlxed
Addi tionally, superscal ar issue can find parall

imsgvstinnlising tharlpralipaiairalisl meartble IWHO%Qn%ldentlﬁed the
ghtfaflél%%éut;ﬂé nﬁtrﬁ@cﬂﬁ's rsl[ Q3G § ﬁﬂe\f spe&ivelor Yy Weh
xecution 1s e tWare may dent i y' many nore
iﬂsa'ucttcmm retedive Kmielr ﬂnﬂlefrmxecbmstmhdtmh ltstmg: (Tthenjthe series executable
P afe pieen b o el ebys Sine B i it Tevct fenepgces.
QQ@J@U@eS theps Bﬁﬁﬁﬁhrb?tﬁ’é diBabsdeusjestirhAter ﬁﬁ@’@eﬁm@d’ in operating

creating a hybrid nodel. The execution nodel

Aystomes for combwing the a@@n&gnﬁaﬁh@bvéémmq@mr instruction

| ggcg%g}ag;ﬁon ﬁf)poe%%lt CSSI%[‘ %%Bemhg ng*rlae%:lﬁgﬁgyro%%ltﬂl £ quently

ThizOb&satsy dpRedtnpySibmiifstiueREe BeQuently of the form requiring (1)
mul ti-instruction execution via dual superscal ar

ﬂ@sqbeclﬂm&oii %P@%‘}Oﬂdﬁi% #ndy(20 BXqcEHRg p Eesponsdyingtayctipn, This
B Py TR DEI PO RS A0 Bu Tl B RIR R Bt e of
(VddWmucﬂioag be exploited. [0037] As descrl bed in

further detajl below jnstructions are encaoded using
di%0Rerd 16- bilhe p%%ﬁ%smﬁﬁemesapé Schpes dosen %r%ganh%e
iﬁ‘iglefn@ﬁt%ﬁ lﬁﬁ{férﬂﬁs §ﬁa§1§§rs Cdt e§§m Bfeel%ﬂﬁn &g USE’ 4 perform the
program These m xed siI ze fnstructions can
phaieatesardrtdiopegtiony duf dso tha padskml enthoduneritomay b emplemented in
packets maybe of variable size. The 16-bit instruction

set ischosen to carefully nmatch the needs of a

conpi | er generating dense control code. For a nore

conpl ete understandi ng of the approach that one

enbodl ment of the d| scl osed subJ ect matter may en‘pl oy
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RTCS, etc. As such, DSP 40 issues both VLIW
i nstruction packets, as well as and i ndivi dual

weupwriesasar i ssue instructions. |ssue w dth f®CT/US2006/011646
i ndi vi dual instructions can rsy e fromone instruction
per issue slot to maxi num VLI %acket pl us one. As an
exanpl e, DSP 40 nmay issue as many as four instructions
in a VLIWpacket per issue slot. Al so, DSP_40 may
ps applicaiien specifigantegyatied sirenip LASILY; Hpigasnatiodar, amirpprpsessor, or
P e A o Rt RO AR b St bl e
fdregoimgmgesbrptionsefitheprefanted el®odénenits, tlewethreaiy provided to enable any

i nstryction packet ists, then IU 42 insertg the VLIW
pteer Hls R Gk B mER & e e e sHAPE S S0P ooks

FridHi fRAibMAb Yhedd BbbdiftehtGHil 1Y réz{ﬂil_tyrh?péreﬁtttﬁ Yidsk QRilled in the art,
stream and loads the instruction into I Q 44. These

inbthe gendrigmsingipdesi dsfinedih¢reingupchesappliad towstier utwdirdends without

hat t t h. i nst ti d . I St
e B A B b TR T B R R0 PR R B et oo
1ifhite® (cethe @brdollink@lsabwn [HRAPbutGdPEe acchiRte iy widest scope
operates at the center of the DSP 40 core, in ternms of

srnsistend itk dhe piingjplenandneysl eafurgsidisclasadhherei®. support
interleaved nmulti-threading (IMIN. EvIT allows for

hi gh t hroughput w thout conpl ex out of order execution
logic. In IMI, the DSP 40 swtches to a different
thread after each instruction fetch. Since IMl

el imnates control and data dependenci es between
instructions in the pipeline, pipeline hazards cannot
ari se and the processor pipeline can be easily build
wi t hout the necessity of conplex forwarding paths.
This | eads to processor pipeline 46 denonstrating no
har dwar e i nterl ocking. Mreover, the context-swtching
overhead is zero cycles. IMI requires at |east as many
t hreads as pipeline stages in the processor. [0041] In
each of pipelines slots, SLOTO: SLOT3, six pipeline
stages occur, beginning with a decode stage and endi ng
with a wite back stage for register update. After the
decode stage decodes an instruction and initiates a
register file read, a register file stage perforns a
register file read and | aunches the data to execution
units. Register file read is possible in both decode
and register file stages, because of DSP 40's | Ml

m cro-architecture, which provides a dedicated GRF 52
and CRF 54 file for each thread. The staggered access
of register files in the decode and register file read
stages reduces the nunber of read ports required for
the register file. Data fromthe GRF 52 or fromthe
instructions is provided to the four execution slots
with the opcode during the register file stage. Branch
instructions are resolved during the register file
stage and 11U 42 is directed to get the next sequenti al
or the target address of the branch. [ 0042 ] Two
execution stages support instruction execution, while
a third execution stage provides both instruction
execution and register file update. Mdreover, a fourth
stage provides for registry file updating. During the
execution and wite back stages U 42 buil ds the next
IQ 44 entry to be executed. Finally, a wite back
stage performs regi ster update. The staggered wite to
register file operation is possible due to EVIT

m cro-architecture and saves the nunber of wite ports
per thread. Because the pipelines have six stages, CU
52 may issue up to six different threads. [ 0043 ] The
foll ow ng di scussion descri bes the operation of one
enbodi ment of decode and issue circuitry 48. Decode
and issue circuitry 48 decodes the instructions
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no resource collisions or register dependencies. |
0044] i case of superscalar instructions, slot
wabkbwaasioeon and dependency check for the two PCT/US2006/011646
instructions is necessary. Decode and issue circuitry
48 performs slot allocation foFSassigning an
instruction to a slot. At such slot the instruction
may be executed. Decode and issue circuitry 48 al so
performs registry dependenc§Leddking to ensure that
younger instruction (11) does not use results
generated by older instructions (10). If the
WIDATAS CLAIVERIXES:pass, 10: 11 are issued. In the case
of a depen en%y petween 10 and 1], only 1
Fowsdid

y 10 is ..
i ssuelt. DissaR 2R e rerEnanrsd grehilfeiuredasfiugtions in a
] BT . . [ di fferent.
R B e R e B L | Thi e i s
bec auseeeiwinghn ¥inhiy¢d instrucimnilstisg & bhirddypf Higrtalsgnal pocessor

t hat that there.are na regi ster dependenci es w thin .
PREIGHonRSpid @?ﬁﬂlg’a |‘{}1$1tai/ﬁ‘%@é’5‘&‘i?§ﬁ MSEREHoMS cqpprising a plurality
bISarA11eE bx RhtableBfsthiEoAN mPe8 GHiongR phiralitydfls@sétdxefutable
because the conpiler also aligns instructions with the
mgleediongrsais sgries exppetablgligstyeters@sinstaiet bipvarigus Mstruetign
%ﬁﬁ%&&ﬁe§pns is for detecting whether the instructions

Ve P tain Rs or Rt fields (descri bed bel ow) and
whet higlentdfyBigain daidindigsd isguddnllistifg edid pruritity of pidbRel4fecutable
uses this information to turn on the enables for GRF
meUYRoNsg>. or 64-bit reads, so as to reduce energy
cons u%&hﬁ% inl apzﬁl%pla[i& ?arﬁﬂél.te&ééﬁablé fﬁ'étr&éff?)‘g)ﬁ wr@p&ltive of the
instructiorr1ssue, slot assignments according tegistry
rhibpive deder of sad gatal elbxacwatiie imtrdstioms s sadd ouxed ihstruction listing;
%ggressing superscal ar instructions decode functions,
f¥cal | that DSP 40 nay issue a maxi mum of two
super seRah@e dtafly Yhl e dxBorlatly ﬁﬂsﬁuctﬁn?ﬁéd@r&iﬁ?&pﬁid various
t hat DSP 46;becones a single issue machine is that
wiswegtionglsperslencies.| i si on and regi ster dependenci es
ari se between the two instructions. Moreover,
superscal ar instruction issue requires instruction
st eer 2 MheAgieth6d 600108 15 figticorhsrisiiy/the ktep b€ ek&uting VOIr®
SLOTI . : SLOT3 according to the instruction class. Slot
wtrnstions as spad plralidy, obprralld dgasugtionsependency check may
occur in the decode stage. [0047 ] One enbodi nent of
the di sclosed subj ect matter includes a slot
col | i 3iThe msthodlahChiml1g brrthehooreridisihk ¢tep af skexuiting superscalar
collision or_resource hazard between 10 and I1. Wen
msevetion as said pories ereraAblestugtiois r uction, is not
issued in the decode stage. Instead, | | is issued
once the 10 instruction is commtted. The optinmal sl ot
al l ocation solution for 10 and Il includes | GCsl ot

al | ocat.j,on bei endent, on | L .slot allacation an )
o1 oo B mARp R ERRRT Ao Btorieife Rk B o? ERishf B pluratity
@i; ﬁwlrﬂhall exébatdbl inStepitiohs Mdepdh@ert@F prifording b Qlot collision avoidance
a

ocation algorithmfor instructions 10 and I1. [0048
process pneaRplwraligzefidigital signalpapcessos snstiyetiefisot  al | ocat ed
to 10 and slot allocated to Il. The term N& no-go),
indicates that Il, (the older) instruction, will not

be i sSUHk mdthes ef CRiithd, Wirther &digpriskig the dicp @i detebiiig Sitead after
a Situation cannot hagfen. As an exanple, .1/0

Wit azprameng sgidgplpeding ofperies seentpblg rptiuptions. 4 | ocat ed
to SLOTO. Simlarly, O/NGindicates 10 is allocated to
slot O and | | is not issued. The cells with

hori zontal hash shadi ng i ndicate cases where Il sl ot

al l ocati on depends on 10. Simlarly, cell wth
vertical shading nmarks indicate cases where 10 sl ot
al l ocation depends on I1.[0049 ] In certain
situations, DSP 40 operates as a single issue
superscal ar machi ne due to structural hazards. These
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enbodi nent, aWAW hazard is not common. Accordingly,

one enbodi nent of DSP 40 does not detect this type of
woegicsivevs hazard. So, the ol der and younger PCT/US2006/011646

instructions are issued even if_they have a WAW

hazard. Then, the younger i nstFliction may be di scarded

in the decode stage. The RAWhazard is detected in the

decode stage and, in this case, the younger i i

i nst r 6cFhegnethed pbElagn dnfirdeyeamprisingfhe step of fetseting 4 wirite after

AR S AP G AR oL

processi ng for one enbodi nent of the disclosed subject
matter. Specifically, .in FIGQURE 5 the RAW hazar i

det ecti T 1BFt thedakC .lnwrnare@ssaaie&twﬂ FEowHE @H@hty of
L s TS e e
paaligl 1AW snsRuctBs iks sth@le 1samd siet. 102 and ol der

instruction 94 operands Rx 104 and Rd/ Rx 106.

Det ecti on of the RAWhazard, therefore, uses siXx

conpag afyy. rﬁetﬁ@d QIeClahﬁ rle@'ﬂefeﬁl Qe 867 of@{\é\éﬁtﬁﬁa{ﬁ pHifality of
there i s RAW hazard, then ol der instruction IS

parellel ¢xeytablesisstructions ﬁhﬂley oUnpyases ith@sﬂtm;d”thmutmg an‘éTpIW packet

SR By S A P o

tlbe di scl osed subject matter. During the decode stage
112 of DSP 40, pipeline instructions 10:13 are steered
to the execution slots SLOTO: SLOT3 and decode- based
GRF 5 [
i coo fafeRid BFEIsRRT, BRerckNAR] 8% BHEkb RISl pluratity of seris
exgumblerindtiuctomst ﬁagherlcbmlmses the step @f aeecatinglup to fecwdes
sta 12. Data requi the slots for execution,

ﬁmgé Hﬁ@ﬁd@“lpﬁgﬁﬁﬁ%Fel Ptues, predicate registers
and comtAPintdopAbSLigtust i%ﬁﬁm%earﬁorﬁ&l éﬂﬁd@ﬁilrs?éxﬁpﬁi‘éb&gor for
execution slots in at the nni ng register fil
stcadmgnd pragRfsinRingirestions of ddat%hﬁ the mﬂqeratedacdt@ult
started_in decode stage 112 during the mddle of the

file stage 114. For the read accesses started
i N regh fsRhictidn @itsbPEeeitibd in Elix&Pinkfrastiod aistia %h plurdlity of
the first execution stage 116. Dependency checks and
§18691 W%E&CP%W mstrudigps seidalualitypfdigitel pigpd PEeEsSI s o
[

G LORe SR Y B RGBe ph el cxbHint bR 618} rmone o
phichlidp ofhatries expeutableshetarctions, sdid seldsastecitdtdgmstridions associated
Lgstruct|on Stegrln DSP 40 can issue two superscal ar

YR QNS ARSHSTIPT, %ﬁ%g@ydﬁe and they could go to any of
the f
col |1 SHEccRE UL 1 LB p i T BH dndtuchin KRR Dlurality of
dma@ﬂamtqmﬂﬂ@ﬁmuuﬁum@Jscalar |ssue algorlthn1for

erforn1 slot | oca S dependency, che
P Bepy & Pt Bt st eatingn butaler 308 p R RE REP e BfdBtions
Iri‘las éc@v'@gf the rélatiRO6tAer FfsaidBpang W] E)@Cﬂﬁbféﬁhﬁirhcﬂﬁﬁs\hhssaﬂr}ﬂlxed
occur. In this process, a nunber of

dﬁﬁﬂ@ﬁ@dﬁﬁp&ﬁW§ are possible. For exanple, path 124
shows sa%c? cgr(ﬁ:l‘oq %11‘81? L ﬁg)r ex?cu 11‘1%I Qenaﬂ saﬁtselylgs eXI%Clg%ig h
a case nmy occur en as only oneva
IRELEHDE heddrdiAg tcefaikatzmycﬁisynstﬂaaﬁdsh dependdmeiss. 10 bei ng
repl ayed. Since 10 is the older instruction, no
forward progress will occur upon replaying 10. hi path

128,

node 130 eApiel Rl aTRe ot AR HBIRE R o SR ol
worhprise caadtry Gioﬂ:ﬁaeaﬁmgl VLB instractiaistas $3a pllmalllty@é paidtel
[ 0054] At node 130, slot allocation, dependency
checks, and issue for 12 and 13 may occur. Path 136
depicts 12 being replayed to node 130. Path shows 12
being commtted and 13 not being valid for flow back
to node 122 Alternatlvely, |n path 140 13 col lides

L T Y | oy I A AP




along path 146, | | may be commtted and 12 is not
valid, causing flowto return to node 122.
wéhowrmsdsvel y, if 12 collides with I, and | PCITAIS2006/011646
conmtted, then flow goes along%path 148 to node 130.
[0056] At node 142, 13 issue otturs. From node 142, 13
replay may occur along path 150 back to node 142. From
node 142, along path 152 13 is conmtted, and process
fsguetiods.urns to node 122. [0057 ] Now, no dependency
checking or slot allocation is required for VLIW
packet operations, since the instructions are
par al | 2ITheliftegiated oidcuis vp ClBmaloatvherziisaid by eifcuitsfutther
al l ocati on and RAWregi ster, _and predi cat e dependency
EQTBRISES FECH Y foT X gouting Supgscaly Istruckinses deid epresraeruable
al l ocation occurs during the decode
g?gggkﬁ%058] FIGURE 8 portrays wite after wite (VWAW
hazard process 160 for the GRF 52 of the illustrated

enbodi t.. WAW hazar ection,process 160 uses
compal-SrdntpEie ol Flartgy W cal Hhs: futher
d6ifipraded R fdrlek e ting QBTG raliR I MpdfdilePEk ed@8b iddiuctions
operands Rx 170 and Rd/Rx 172, "for exanple, of ol der
indspendent of penfgrming @GEY cpllisism axgidanageyecess dpresaid pluraliy ef digital
two .instructions.per cycle to maxi m ze perfornmance. As
3180l e SRS 407 Circuitry, € he

m cro-architecture 60 and the various slot allocation,
dependency .checki ng, and instruction issue steps. and

pr oceddeldicdutesratadeareyis 6 laimrd, Briherppmpigiegyieeading and issue

BE G55 041 LM PRGBS B AR ool

istrudteinps to establish a robust digital signa

processi ng environnent for w rel ess handset

operations. [ 0060] In sunmary, therefore, the

di scl gseheSHREAR Rl OF CRERAVION B HRr BEhHAGn 20 oding and issue

system for issuing and executing m xed architecture

cimstitry firidetestingia writeibftdrpeasi legand agiqgigtsaid gl of series executable
rocessor receives in a mxed instruction listing a

BFEP {9y of digital signal processor instructions.

The plurality of digital signal processor instructions
includes a plurality of parallel executable

i nst r k@ Theristegeatey ciroyit ol aiw 10, ehprsinssaist cangeol eigen§ fgrther

. i . l.ureali i. . . .
i R N S
slet.i es executable instructions are associ ated by
various instruction dependencies. The method and
system further identify in the m xed instruction
l'i sti g fiGnRErER didchit OF CRAMA0, heRBESH 8R! circuit further
instructions. "Once 1dentified, the parallel executable
commprises cirowitry doreexetutsrg aeXbbWtpacket nopprisihg ep to four VLIW

e o bl ioPioh Ap PHER eR The. serios

executabl e instructions are executed serially
according to said various instruction dependenci es.
[0061] The approach of the disclosed subject matter
may be used in operating systens for conbining the
advant ages of both VLI Wand superscal ar instruction

pr 0Ce$8.THe infefrabddl @it 3 OMGmSHs ivbBReinvdaiV¥dntdl Eivitii fafther
i ssuance_ may occur frequently. This is because . i
6QVBPLACH ﬁgclg%xtf@rrﬁ&eﬁgmgu@ttp 818 series expaiihiainsiugions jpa single
Eéﬁ@h§@quiring (1) the checking of a certain

condr'tion, and (2) executing a responsive instruction.
This creates mnimal dependencies and allows for the
rapid identification and issuance of VLIW
instructions. [0062 ] The processing features and
functions descri bed herein can be inplenented in

vari ous manners. For exanple, not only nmay DSP 40
performthe above-described operations, but also the
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nodi fications to these enbodinents will be readily
apparent to those skilled in the art, and the generic
wonrbsciopdoes defined herein nmay be applied to oPO®MUS2006/011646
enbodi nents wi thout the use of the innovative faculty.
Thus, the clai med subj ect matt& is not intended to be
limted to the enbodi nents shown herein but is to be

accorded the w dest scope consistent with the
pri ncldlledigialsigng processar pr sacafiingansswecaiapg instraetgnye L mixed

hbon e el el Prostuee B Tt Tons T a

mﬁ | tifregns fsftbeeldir@ ihal mlse@ ﬁB’rruafdmdeﬂﬁ@ & phealip lof lﬂigilgl signal
the steps o receivin instruction [isting,
BT%P%?TalPFW“SFS &rigi péhaplg .qf ﬁ‘éﬂltab?l&é?éé%%esﬁoﬁ ystretiqng ﬁgmpnsmg
FRAPARLE B Lo b3 B ARl of i
exaeutabhhhsirucnem said senes eweoutablaimstrgetmnp bssoaibietl pyofrious
seri ahl e instructions, said series executable

exec
Pﬁg?ﬁﬁﬁteB CR€Bci at ed by various instruction

depengdghid B ldehﬁ@nffg ih¥hiA%nixBd ﬁ@hqctmrm@hng Bl w&mii@ Rf parallel
listing said plurality of parall execu

exestitabletingmstionsiecut i ng i n paral l el said paralla

exec u}na bl’lls | nset (s Jmo \2a i g ? E agelvee Oftab <|:t1aotns Irfespective
or der "6t 8¥%"63 el BPEchAEr YRty FPsHECtioRs &esg
o1 the gelhtiveet sra&t dfenid| pasdliengkecatablediaidtiondn sgidindik by irs®iction
series executable instructions according to said
Yistmgoard i nstructi on dependenci es. 2. The nethod of
- d ai [ . :

ot r et L BP RN L b REERAR, oIk Aottby o said
vmahsmmﬁmmand@mm&hemﬂEthod of Cla|n11 further
conprising the step of executing superscal ar
instructions as said series executable instructions.
4. Theo ralhRrgtdti l%r&ésorfdf CURRT 19 WHeLiS b3 eié&ﬁnﬁé flans
of executing said plurality of paraIIeI execut abl e
further carnprines mieantefoe Axkenting VLB instruntiogs as @IKbplurallty of parallel
cobhusion avoi dance process on said plurality of

S signal processor instructions. 5. The nethod
of Caiml, further conprising the step of detecting a
read after w.ite hazard anong said plurality of series
execu?hblhe digitl pigaelispeesepr Of%éalmek% Shersin @I%Pﬁcmtmg means
PP iR e R Bhe P8 BREH B2 bl oty cutable
imsgtetionki ons. 7. The nethod of daim1l, wherein said
step of executing said plurality of paralle
executabl e instructions further conprises the step of
execubsp, nﬂié&ﬁ’gﬁé@ sioRAl rQ(?ers%r o?b]a\ﬂnl W st &did 80Rutift Means
single issue slof. é? he neth of Calm 1, wherein
Suthdr st]pnm megecior ﬁng:usag shigh phxrdity of pahllgaxedutabile instructions

ecutabl truct| urther. conp rises the,step..of ... .

PR 2ot AcRB o LB A DIRGLORES Ph AR BLIFRyY of digtal

glgﬁﬂrﬁ,l&;eg@@&lmgn@ﬁe header instruction in a single
issue slot. 9. The nmethod of Claim1l, wherein said
step of executing said plurallty of series executable
instr t4.0N rt her X
up t o2y U il o peSRY et el oG bt o
desetthed 10hd afté write hhntir@ gmeh e chig pheality of Sdrivk REecutable 1nstruct10ns.
portion of a digital signal processor for encodi ng and
processi ng instructions of m xed Iengths t he

|t COBRIAR LA Heha RORLL R, B EUh AR brad ircuitry

6ir ddtegtihgh waitganiddr rmdim&slmtndﬂgshfd@ﬁnaht}&f ssd¢stexecutable
plurality of digital signal processor instructions
conprising a plurality of parallel executable

i nstructions m xed anong a




plurality of series executable instructions, said

series executable instructions associ ated by vari ous
wonsderios29s on dependenci es; a decode circuit foPCT/US2006/011646

identifying in said mxed instruction listing said

plurality of parallel execut abt® instructions; a

control circuit for executing in parallel said

paral | el executable instructions irrespective of the

mefragiiopd or der of said parallel executable

instructions in said mxed instruction listing; and

said control circuit further for executing serially

sai d 3RrTheslige sigh#lprecebdos bf CliimA9s waeeir Gidekebatiganeans

various instruction dependencies. 11. The integrated

firthensampsisermgrns fopexegnemiosiRrtparail M Ve msgtigtions in a single

fMddgr conprises circuitry for executing VLIW

I'nstructions as said plurality of

paral | el i nstructions. 12. The integrated circuit of

d ai herei.n said cont .circuit further .

conpr 2ot igng Brasesh ot g Hiptrett S Secuting means

FiR@bf dhprRRS nREnsSRl Sk BfinES VEXRCHHc ' ttb G6\F-VL

13. The Iih%?eg‘?at ed ci rcu_i%e_ of O ai %allcg,mp?v\%%r%gl?n sail <;IV W

mstructivins end end headeringtmctioninp? singls issve slat.t ry for

executing said plurality of parallel executable

i nstructions independent of perform ng a sl ot

col | i 37.0meaNgiallsigasl pp6cesRs of Chidaidwhbietrpdaid yxediiting means

digital signal processor instructions. 14. The .
HeoEses means for grectting we toofive serieheecuighlsAnsdjugtions in a

Qﬁ§@q§ﬂgﬁﬁﬂd issue circuitry for detecting a read

aitfer wite hazard anong said plurality of series

executabl e instructions. 15. The integrated circuit of

d ai 0, further conprj si decodi ng and i ssue
circ U?%@C?%Pmare‘{sé@? F&F‘gﬁ‘ﬁn Yipg coppRiFr 1eadableprograp code means
BB e® HefbiP ot rogéﬂa{ibfn 0f as86idiRR Wi BoRR Eonal processor for
instructions. 16. The integrated circuit of Ela|n110,
wivodmigrand pratessing insruations of mixeddergths, therepmipytes usable medium
circui.try for executing up to four parallel VLIW

‘ifons in a single issue slot. 17. The

i Nt egeahpdecicidabic profrafbd @denddins MresRiving i HmbB@Atiiguction
circult urt her conprises circultr for executin

a
lstingraulerelity ofshgital signgl nipeestprivmcionsyyaidpivuraliy pbfigital signal
iS00S LA ity Br AR Bl BfltiofPimixed
amohg o plugalitg uf serfes exdvatablednitrictions, 6rid Getidsrexedudsible instructions
eeruting ug to five sgrie executabl e instructions in
aSSQPIRIGH &Y vaueRs 1B5tBIclIPn dependPnfidsal si gnal processor for

enc Odb%&&qe_ BE5TOLAR dJaR nidaRs R hden@Fyifl} 189id BB RSstruction
the digital signal processor conprising:. heans for

Heting saidypjuiatitysofipiaradld] ¢éxesttabletingtctionss i ng a plurality

of digital si rocessor instructions, .sai .

o1 ur aFBE oG gle EPESROAP MPBt b Sor R i Bireie)feid paralle
SR RtabRI iNEnRtBhs iR ILvedf tReralativel or@erf Whiaphillel executable
instructions m xed anong a plurality of series

webielioa iresaiherxaddnstoretion fsting; eed i es execut abl e

acpontioiacAREBHEm e XFehp ] £ AR Str D g srts

bfeeufablelih@fuctibsd dcBerdadl o spiduagibid Wstedctipaidapdrdencies.
execut abl e instructions; neans for executing in
paral | el said parallel executable instructions
irrespective of the relative order of said paralle
executabl e instructions in said m xed instruction
listing; and neans for executing serially said series
execut abl e instructions according to said various

i nstructi on dependenci es.



20. The digital signal processor of Claim 19, wherein

sai d executing neans further conprises neans for
wexewunsaeg VLI Winstructions as said pluralityPof/us2006/011646

paral l el instructions. 21. The digital signa

processor of C aim 19, wher ei n2kai d executi ng nmeans

further conprises neans for executing superscal ar

instructions as said series executable instructions.

22. TR2 Hheglomputesjugaide mediwareikoleing 28.dugther cpoprigingrcemputer

QL PR P TRER o i PERY RO ap @ phuality of

pmalleluadtivetions. ndependent of performing a slot
col l'i sion avoi dance process on said plurality of

di gital signal processor instructions. 23. The digital
signal processor of Claim 19, further conprising neans
for detecting a read after wite hazard anong said
plurality of series executable instructions. 24. The
digital signal processor of Caim?19, further
conprising neans circuitry for detecting a wite after
read hazard anong said plurality of series

execut abl ei nstructions. 25. The digital signal
processor of C aim 19, wherein said executing neans
further conprises neans for executing up to four
parallel VLIWinstructions in a single issue slot. 26.
The digital signal processor of Claim19, wherein said
executing neans further conprises neans for executing
a VLI W packet conprising up to four VLIWinstructions
and one header instruction in a single issue slot. 27.
The digital signal processor of Claim19, wherein said
executing neans further conprises neans for executing
up to five series executable instructions in a single
i ssue slot. 28. A conputer usable medi um havi ng
conmput er readabl e program code nmeans enbodi ed therein
for operation in association with a digital signa
processor for encodi ng and processing instructions of
m xed | engths, the conputer usabl e nedi um conpri sing:
conmput er readabl e program code nmeans for receiving in
a mxed instruction listing a plurality of digital
signal processor instructions, said plurality of
digital signal processor instructions conprising a
plurality of parallel executable instructions m xed
among a plurality of series executable instructions,
sai d series executable instructions associ ated by
various instruction dependenci es; conputer readable
program code neans for identifying in said m xed
instruction listing said plurality of parall el

execut abl e instructions; conputer readabl e program
code neans for executing in parallel said paralle
executabl e instructions irrespective of the relative
order of said parallel executable instructions in said
m xed instruction listing; and conputer readable
program code neans for executing serially said series
execut abl e i nstructions according to said various

I nstruction dependencies. 29. The conputer usable
medi um of Claim 28, further conprising conputer
readabl e program code neans for executing VLIW
instructions as said plurality of parall el

I nstructions.



